A study of the aetiology, prevalence, and progression of respiratory disability among the men employed in two large integrated steel works in South Wales is being undertaken from the Department of Social and Occupational Medicine, Welsh National School of Medicine, with the financial support of the Nuffield Foundation.
Epidemiological studies have repeatedly underlined the importance of three environmental factors in the aetiology of chronic bronchitis-urban atmospheric pollution, atmospheric pollution at place of work, and cigarette smoking-all of which are in a real sense controllable. It is not possible, of course, to determine in any particular patient with chronic bronchitis precisely how much of his illness is attributable to a particular environmental factor (M.R.C., 1966) , and this lies at the root of the controversy whether persons with chronic bronchitis should become eligible for benefit under the National Insurance (Industrial Injuries) Act. It is possible, however, to estimate the proportionate contributions of occupation, place of domicile, and smoking habits to the prevalence of chronic bronchitis in defined populations, and this is the main purpose of the study in South Wales-to assess the relative importance of the three major environmental influences in the aetiology of chronic bronchitis among the men employed in the two steel works. An integrated steelworks is particularly suitable for a study of this type because the greater part of its very large working population is distributed between a number of clearly-defined departments with widely differing working environments. The two works we have studied are the Ebbw Vale works of Richard Thomas and Baldwins Limited (population about 9,500), and the Margam and Abbey works of the Steel 1
Company of Wales Limited at Port Talbot (population about 16,500). The departments include coke ovens, blast furnaces, steelmaking by the open hearth and converter processes, hot mills, cold mills, tinplate, galvanizing, limestone quarries, traffic, electrical and mechanical maintenance, laboratories, and offices.
In this first paper we describe how we collected information about the respiratory symptoms, ventilatory capacity, physique, smoking habits, and occupational and social histories of all types of male employees (production, maintenance, managerial, and office workers), and we present data on the distribution ofventilatory capacity, age, and physique among the non-bronchitic men (i.e. men without persistent cough and phlegm). A full account of how we organized the field surveys is a necessary prelude to the presentation of our results. Because the surveys were exceptionally large and difficult to administer, this account may also be of general interest. The data we present on the distributions of ventilatory capacity among non-bronchitics will be used as one of the yard-sticks against which, in subsequent publications, we shall attempt to measure the effect upon lung function of occupation, smoking habits, and domestic environment. Since the distributions are based on an unusually large number of observations they will, we hope, also provide acceptable standards of lung function for more general use.
METHODS AND MATERIAL
To minimize the bias inherent in a survey of volunteers, it was important to interview and examine as many as possible of the 26,000 men employed at the two works. It was also important to carry out the main part of the investigation over as short a period as possible and at the same time of year in the two works, for lung function (Morgan, Pasqual, and Ashford, 1964) , respiratory symptomatology, and sickness absenteeism are known to vary with season. Such an ambitious project called for careful planning of its organization and administration, the full co-operation of management, trades unions, and employees, a well-designed, short, and largely precoded questionnaire, the taking of only such measurements of physique and lung function as could be recorded quickly and with reasonable accuracy under the difficult conditions of a largescale survey in a heavy industry, and the training of a large team of field workers.
CO-OPERATION OF MANAGEMENT, TRADES UNIONS, AND EMPLOYEES.-Crucial to the success of our approach to management, trades unions, and employees was the advice and support of the chief medical officers of the two works. Without it, and without the help of their staff, we should not have been able to launch the surveys, or having launched them, to have seen them through to a satisfactory conclusion. Under their guidance meetings were held with management and trades union representatives to explain the scope and purpose of the investigation and to discuss its practicability. and possible effects upon production and industrial relations. In particular, the trades union representatives needed to be assured that the information obtained from employees would be regarded as confidential and would not be disclosed to anyone without the consent of the person concerned. When this was confirmed, they gave the investigation every support, explaining its aims to their members before it began and enlisting their co-operation while it was in progress. When management and unions had both agreed to support the project, it was widely publicized by press conferences, radio and television interviews, posters, and works newspapers.
DESIGN OF THE QUESTIONNAIRE.-Observer variation in recording the respiratory symptoms upon which a diagnosis ofchronic bronchitis must be based has been the source of much confusion (Cochrane, Chapman, and Oldham, 1951; Fairbairn, Wood, and Fletcher, 1959) . The standardized questionnaires developed by the M.R.C. committee on the Aetiology of Chronic Bronchitis have to some extent resolved the confusion. They permit the pooling of the findings of different observers within a survey and have made it possible to compare the results of different surveys. In our investigation we used the M.R.C. short questionnaire on respiratory symptoms (1960) . In addition to the standard questions on respiratory symptoms, chest illnesses, and smoking habits, we included a series of questions to provide a summary of each man's occupational history. Our questionnaire was designed so that almost all the answers could be coded at the time of the interview in a form suitable for direct transfer to Hollerith punch cards.
MEASUREMENTS.-Weight, standing height, sitting height, and ventilatory capacity were recorded for each man interviewed. Before weights and heights were taken, the men were asked to remove headgear, overcoats, and footwear.
Weights, were measured on portable bathroom scales which were checked at the end of each day of the survey against a standard weight.
Heights were measured on inch-tapes fixed to a vertical wall. The men were asked first to stand fully erect with heels and back of the head against the wall and then to sit with the base of the spine against the wall. Heights were recorded to the half-inch below the actual height, as indicated by a set-square placed vertically on top of the head and against the measuring tape. The Garthur Vitalograph was used to record forced ventilatory output. This is a portable, dryspirometer with a chart carrier moved by a 50-cycle, 230 volt synchronous motor linked to its pneumatic system. Forced ventilatory output is recorded by the vertical excursion of a stylus arm across the surface of a waxed chart as it moves horizontally from left to right at uniform speed. The horizontal axis of the chart reads for six seconds in 0v 1 second subdivisions and its vertical axis for six litres in 0 05 litre subdivisions. Each vitalograph was calibrated at our occupational hygiene laboratory before the survey began, on two random dates during the exercise, and after the survey had finished. Litre increments of air were passed by water displacement into the instrument under test up to a maximum of six litres, at which level it was left for 3 minutes. We found the instruments consistent and reliable in their performance. The maximum mean difference from the true volume for the four readings at 6 litres on any one instrument was 0 * 5 per cent. and no appreciable leak was detected at any of the tests. The ambient temperature was recorded for each set of tracings taken during the survey.
CHOICE AND TRAINING OF FIELD WoRKERs.-Because such large populations were to be interviewed and examined, itwas impossible to conduct ourinvestigation at the two works simultaneously. We decided, therefore, to survey the population at Ebbw Vale at a set time in the first year and then to move to Port Talbot at the same time of the year, 12 months later. This demanded a large team of interviewers who would be accessible for training and available for a period of intensive field-work at the same time in two successive years. Pre-clinical and other science students in the University were canvassed, with excellent results. The employment of university students for epidemiological investigations has much to commend it. They are used to handling scientific instruments, soon grasp the implications of observer and instrumental variation and the importance of randomization, quickly acquire the basic techniques of standardized questioning, are available for training during term-time, have time to spare for field-work during vacations, and, above all, are energetic and enthusiastic and tolerate well the considerable stresses that build up while a large-scale survey is in progress. The students were issued with printed instructions on the use of the vitalograph and the questionnaire, and in the Spring terms of 1964 and 1965 acquired, under supervision and in small sub-groups, experience in the handling of the instruments and the coding of answers to the questionnaire. They also took part in pilot surveys of small industrial populations in other steel works. These served both to give them experience in the field before the main surveys were launched and to uncover ambiguities in the questionnaire during its draft stages. We should emphasize that, apart from having their accommodation, meals, and travelling expenses found for them, our students were not paid for their valuable contribution to the investigation and that the standard of their work was very high indeed. Fifty students helped us during the intensive phase of our survey at Ebbw Vale, which occupied 13 days of the Easter vacation, 1964 connected by telephone to all the interviewing stations, was used as survey headquarters. From that office the statistical staff co-ordinated the randomized distribution around the works of student teams and their equipment each morning, and the collection, checking, and filing of completed questionnaires. From it the staff of the occupational hygiene laboratory also serviced and calibrated the vitalographs and other measuring instruments.
POPULATION AND SAMPLE.-At Ebbw Vale our intention was to include all the men employed in the works. In 13 days the student teams interviewed 6,562 men and over the next 3 months a follow-up team interviewed a further 1,519 men who for one reason or another were not seen at the time of the main survey. Altogether 8,081 men were therefore interviewed. This represents 85 per cent. of the 9,535 men employed at Ebbw Vale at the time of the survey.
Because the population at the Port Talbot Steel
Works was so very much larger (16,726 at the time of the survey), we decided to mark on the works nominal roll before the survey began a 20 per cent. random sample of men over 25 years old, to pay particular attention to these men during the main part of the survey, and, after it had finished, to make every effort to persuade those not yet seen to co-operate. The random sample contained the names of 3,079 men. In 20 days the student teams interviewed 10,335 men, of whom 2,438 were in the sample. After the main survey a further 528 men from the sample were traced and persuaded to co-operate so that 96 per cent. of the sample (2,966 men) were interviewed. Including both sample and non-sample, 10,863 men were seen (65 per cent. of the total works population).
RESULTS
The analysis which follows deals with ventilatory capacity of men without persistent cough and phlegm in the populations of the two works. That is to say, we have excluded all the men who answered "yes" to Questions 6 and 10 in the questionnaire on respiratory symptoms approved by the Medical Research Council's (1965) Committee on the Aetiology of Chronic Bronchitis (6. Do you usually bring up any phlegm from your chest first thing in the morning in the winter? 10. Do you bring up phlegm like this on most days for as much as three months each year ?).
In Table I (Table V) and for each age group the distribution is negatively skewed (see Figure) .
To obtain the best estimate of the ventilatory capacity of non-bronchitic men both for our study of bronchitis and also for more general use, we had originally intended to pool the measurements taken from the two steel works. I group.bmj.com on April 7, 2017 -Published by http://jech.bmj.com/ Downloaded from data from the two surveys were checked, coded, and analysed in the same way and by the same scientific staff.
We can only conclude that the men in the two populations, although working in the same occupations and living no more than about 35 miles apart, are themselves intrinsically different. The medical histories they gave at interview were not greatly different; in fact there was an unusual degree of concordance between the two populations in repect of the proportions giving a history of asthma, pneumonia, tuberculosis, and heart disease (Table VI) . However, as already pointed out, there were proportionately more men with persistent cough and phlegm at Ebbw Vale than at Port Talbot (Table I) . Such men have been excluded from our analysis of the distribution of ventilatory capacity in the two populations, but it seems reasonable to assume that there were also proportionately more men at Ebbw Vale with a degree of respiratory disability falling short of that defined by the presence of persistent cough and phlegm. Whatever the truth of this, the proportion of non-bronchitics who had never smoked was certainly lower at Ebbw Vale (Table VI) and the men in the two populations were also noticeably different in physique (Table VII) . Age for age the men at Port Talbot were about half an inch taller than the men at Ebbw Vale. They were also about 5 lb. heavier, and the obesity index W/H2 (Khosla and Lowe, 1967) CONCLUSIONS In medicine the problem of delineating the boundaries of the normal is one of the more difficult aspects of the study of the abnormal. The general purpose of our survey of respiratory symptomatology and lung function among steelworkers is to investigate the prevalence of respiratory disability among them and to determine the relative importance of the environmental influences which determine it. In this first paper we have examined the distribution of lung function among the men without persistent cough and phlegm, according to their age and physique.
Our data on the relation of ventilatory capacity to age agree closely with most of the studies quoted by Cotes (1965) . Because of the large numbers in our survey we can therefore state with confidence that, for adult white males, FEVy.0 decreases in a linear model by about 0 04 litres and FVC by about 0 035 litres for each year of life, that this rate of decrease does not alter with advancing years, and that the standard deviation about the mean of the two measures of ventilatory capacity is also unrelated to age.
With regard to physique, we have confirmed that for FEV1.0and FVCweightperse (i.e. obesity) is of no significance. (This is fortunate, because the relation between weight and age is not linear: Khosla and Lowe, 1967.) Stature, on the other hand, is of considerable significance. Unexpectedly, we have found that standing height is a little more highly correlated with ventilatory capacity than stem height. This suggests that for epidemiological purposes standing height is the measurement of choice; it is certainly a great deal easier to measure. It has generally been assumed that the relation between ventilatory capacity and height is independent of age, at least in adult life. We have found that this is not so.
As age increases, both FEV,.o and FVC increase less steeply with increasing height. The change is far from trivial: age-specific coefficients for the regression of FEV,.o on standing height give a difference between the expected values for men 62 in. tall and men 72 in. tall of 1 *4 litres at 30-34 years, but of only 0 -7 litres at 65-69 years.
The accuracy of measurements of FEV1.0 and FVC is dependent upon the ability and willingness of the subjects to co-operate. If for any reason a subject does not make an all-out effort to expel the air from his lungs, the tests will underestimate his ventilatory capacity. Lack of understanding and, in bronchitis, fear of coughing are particularly liable to interfere with the measurement of FVC and for these reasons it is probably not so reliable a measure as FEVI.o, with which it is highly correlated (r=0-85). Because they are based on an exceptionally large number of non-bronchitic men (8,106) distributed over a wide age range (from 16 to 69 years), and because they are corrected for the change with age in the relation between ventilatory capacity and height, we consider that they are the most representative Standard Tables now available. It has to be admitted, however, that the value of standard tables to clinicians or to epidemiologists is limited. Ventilatory capacity varies so greatly even among healthy subjects that an individual's performance may be very considerably reduced by pulmonary disease and still be above the lower limit of what a standard table might suggest as "normal" for his height and age. For epidemiological purposes "expected" values of ventilatory capacity provide sensitive measures of differences between groups of subjects, but in every study local norms need to be defined. In our own study we have shown that two populations of men living and working no more than about 35 miles apart and engaged in strictly comparable occupations can differ significantly both in physique and in ventilatory capacity.
SUMMARY
The organization of a survey of respiratory disability among the men employed in two large steel works in South Wales is described. Data on the respiratory symptomatology, ventilatory capacity, standing height, sitting height, weight, and social and occupational histories of 8,081 men in the works at Ebbw Vale and of 10,863 men in the works at Port Talbot have been collected. In this paper the distribution of ventilatory capacity among the men without persistent cough and phlegm in the two populations is described. 
